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Introduction 
    Metallic glasses (MG) are scientifically defined as amorphous alloys with disordered atomic 
structure that exhibit a glass transition. MG show interesting chemical and physical properties such as 
anticorrosion and resistance to plastic deformation. Besides being a new class of structural and 
functional materials, they have been extensively studied and applied in catalysts,
 
magnetic sensors, 
microelectromechanical systems (MEMS), nanotechnology, and biomedicine. The lack of grain 
boundary in amorphous structure makes the MG different from crystal materials on the catalytic 
performance (Figure 1). However, studies on the catalytic properties of MG are limited to micrometer-
scaled ones having very small activated surface areas, and the special physical techniques have been 
necessary for fabrication of MG nanomaterials having large surface areas. 
           
Figure 1. Atomic structures of amorphous (left) and crystalline (right) materials. 
 
Results and Discussion 
1) Chemical Fabrication of Pd-Ni-P MG-NPs and Their Catalysis in Methanol Electro-oxidation
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    In this chapter, the first chemical fabrication of Pd-Ni-P MG-NPs was reported. Using commercially 
available Pd-, Ni-, and P-precursors, size-controlled amorphous Pd-Ni-P NPs were obtained by a one-
pot solvothermal synthesis procedure. Differential scanning calorimetry identified typical MG 
properties of the unsupported Pd-Ni-P NPs with a wide supercooling region of 55 K (602 K-657 K). 
Notably, the supported MG-NPs showed remarkable catalytic properties in methanol electro-oxidation 
in alkaline medium. After 400 cyclic voltammetry (CV) cycles, the loss of current density was only 3.5% 
when Pd-Ni-P NPs on Vulcan XC-72 were used as a catalyst. This observation of catalytic durability is 
outstanding compared to many other Pd or Pt-based nanocatalyst, including the recent reported 
precious Pt-Pd nanomaterials. These results indicate the potential use of Pd-based MG-NPs as fuel cell 
catalysts.  
 
2) Pd-Cu-Ni-P Nanoparticles with Thermally Stable Amorphous Structures as Catalysts for 
Selective Hydrogenation and Oxidation
2 
    In this chapter, monodisperse Pd-Cu-Ni-P NPs with perfect amorphous structure were fabricated by 
one-pot reduction method, for the first time. We found the NPs were formed with a perfect amorphous 
structure when around (or less than) 20 at.% of Cu was embraced. The thermal stability of the 
amorphous phase in supported Pd-Cu-Ni-P NPs was observed during annealing. 10 nm and 2 nm Pd-
Cu-Ni-P NPs were obtained with different catalysis. Notably, the amorphous nanoparticulate catalysts 
show an excellent selectivity in semi-hydrogenation of alkyne and benzyl alcohol oxidation reactions 
by utilization of molecular H2 and O2. The corresponding alkene and aldehyde were obtained both 
in >99% yields respectively under ambient conditions without any additive or base. The catalytic 
uniqueness of the NPs were confirmed by changing catalyst support and comparing with its crystalline 
counterpart. Moreover, the chemical stability of the amorphous morphology was observed after the 
catalyst was reused several times. 
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